Introduction

17
Text S1: Derivation of d min.
18
Here we describe derivation details of the analytical solution of the minimum fresh- 
22 c = 1.5Ri
Using (2), we can express c with the following relationship:
Assuming 
This cubic equation (4) always has one negative root, which is not a physical solution be-
26
cause we require ∆S > 0. The two other roots are either both positive real roots or com-27 plex numbers. The transition between real and complex roots occurs when the two real roots 28 are identical. This occurs when the derivative of (4) with respect to ∆S is equal to zero, i.e.
29
when ∆S = S 0 /3. Substituting ∆S in (4) leads to [Bains, 1975; Kumagai, 1984] support n ranging from 2 to 3.5 for F r < 1.5.
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As F r is equivalent to Ri −1/2 , these values of n show no significant deviation from our pa-52 rameterization of c in (2). The range of Ri in our results is 100 to 1000, corresponding to 53 F r < 0.1. The coefficient A varies by less than one order of magnitude under different ex-54 perimental conditions [Kit et al., 1980] , but this variation can be incorporated into the uncer-55 tainty of u * . Figure S1 : Solutions of freshwater layer salinity balance for a magnesium sulfate (MgSO 4 ) ocean.
Salinity contrast ∆S (color-filled contours) and temperature contrast ∆T (dashed contours) between the deep ocean and the freshwater layer for a MgSO 4 ocean at an average salinity of 100 psu, 
